Ventral prostates taken from orchiectomized mice show no detectable development when cultured for four days on a chemically defined basal medium, but show extensive development if insulin is added to the basal medium.1 In these earlier studies with retrogressed prostates,1' 2 insulin added in vitro enhanced the incorporation of C14-amino acid into protein, increased the incorporation of labeled precursor into ribonucleic acid, and promoted histological repair of cells in the secretory epithelium. Tables 1-3 is a com-I)osite of pooled data from two or three experiments; explants were so distributed that a proportionate number in each group was tested against a similar number in every other group.
Ventral prostates taken from orchiectomized mice show no detectable development when cultured for four days on a chemically defined basal medium, but show extensive development if insulin is added to the basal medium.1 In these earlier studies with retrogressed prostates,1' 2 insulin added in vitro enhanced the incorporation of C14-amino acid into protein, increased the incorporation of labeled precursor into ribonucleic acid, and promoted histological repair of cells in the secretory epithelium. In contrast, under these same conditions of culture, testosterone, a potent hormonal stimulant for the prostate in vivo, gave no demonstrable repair of the retrogressed organ in vitro. The present experiments with prostates from orchiectomized donors demonstrate for the first time that testosterone added in vitro can evoke two of its principal physiological effects, namely, augmentation of citrate secretion and stimulation of protein synthesis, provided that insulin also is added to the culture medium. M\Ioreover, testosterone added alone in vitro augments both protein synthesis and citrate secretion in partially repaired prostates.
M3faterials and Mlethods.-iiale mice of the Swiss white strain weighing 25-27 gm were orchiectomized at 9 weeks of age; the testis, epididymis, and surrounding fat pad were removed, together with as much of the vas deferens and associated fat as feasible. Three weeks after gonadectomy,' mice were sacrificed by decapitation. Ventral prostates were dissected free of the urethra and placed in culture for 4 days at 360; the gas phase was 5% C02-95% 02. After the first 2 days in culture, explants were transferred to fresh medium and cultured for an additional 48 hr; in experiments designed to assess the effect of the hormones on protein synthesis, this second medium contained DL-leucine-1-C14 (0.055 ,c/ml). Cultures were randomized, and each entry in Tables 1-3 is a com-I)osite of pooled data from two or three experiments; explants were so distributed that a proportionate number in each group was tested against a similar number in every other group.
Culture medium: The basal medium was made up of 4 parts Waymouth's tissue culture medium,4 prepared from stable stock solutions,' and 1 part agar (a freshly autoclaved preparation containing 165 mg agar/10 ml of glass-distilled water). Concentrated solutions of the hormones6 and of leucine-1-C"4 were prepared as follows: DLleucine-1-C14 (1 mg/ml in 0.03 N HCl); insulin (1 mg crystalline zinc insulin/ml in 0.03 N HCI); testosterone (an aqueous suspension, 0.31 mg/ml of buffer solution to which Tween 80 had been added).7 Determination of citrate; prostates partially repaired: Preliminary studies disclosed that the amount of citrate formed by retrogressed prostates during 4 days of cultureeven though two or three glands were pooled-was too small to be measured; hence, only partially repaired organs were used in these studies. Prostates were taken from orchiectomized mice that had been pretreated with androgen; two subcutaneous injections of testosterone lpropionate (500 Ag/O.10 ml in aqueous suspension) were given, one injection at 96-100 hr and the other at 48-52 hr prior to sacrifice. Two prostates were used for each citrate determination. Explants were taken off the medium, placed in homogenizing tubes and quickly frozen by plunging the tubes into a cold ethanol bath to which (Irv ice had been added; each tube contained 50 Al of 0.5 N PCA. During homogenization, samples were allowed to thaw only to the extent that the tissue could be thoroughly ground; individual tubes were refrozen intermittently by returning them to the cold ethanol bath, and the subsequent centrifugation and related operations were carried out in a cold room maintained at 4°. Pestles were rinsed with 50 Ml of 0.5 N PCA, the samples centrifuged, and 50 Ml of the supernatant was withdrawn for the citric acid determination. Organ protein in the precipitate was isolated as described. 8 Citrate analyses were made by measuring fluorometrically the appearance of TPNH upon addition of aconitase.9 The cold PCA extract (50 Al) was diluted with 1 ml of cold water and neutralized with 50 Al of 0.5 N K2CO3. Just prior to assay, a reaction mixture that contained the following was prepared: 4.0 ml tris-HCl buffer (0.25 AI, pH 7.4), 4.0 ml MnCl2 (4.6 mM), and 1.0 ml TPN (4.8 mM). Equal volumes of the above mixture and the neutralized tissue extract (500 MAl each previously brought to room temperature) were added to each tube, and the reaction was initiated by adding 50 Al of an aconitase preparations Two aliquots of the tissue extract were used for each determination; one aliquot was assayed with, and one without, internal standard (citrate, 2 X 10-8 moles); calculation of the citrate content is based on these determinations.
For each set of analyses the course of the reaction at room temperature was followed for one blank, one standard, and the tissue samples. Tubes were read initially after the samples had been added but before the reaction was started, and again at 10 and 20 min. Fluorometric measurements were made at a volume of 1 ml in the Turner model 111 fluorometer. The primary filter was a combination of Turner no. 110-810 and no. (peak excitation at 360 mM) and the secondary filter was a Turner no. 110-816 (passes fluorescence wavelengths longer than 415 mM).
Organ protein; prostates either retrogressed or partially repaired: In the retrogressed series, orchiectomized mice received no hormone treatment prior to sacrifice; in the partially repaired series, they were pretreated with testosterone prolionate as described above.
After 4 days of culture, explants were taken off the medium, homogenized in cold 10%
TCA, and the protein was isolated.8 Organ protein was dissolved in NaOH and, after mixing, a 100-Ml aliquot was analyzed for protein by the Folin-Lowry method" with bovine serum albumin (Armour) as standard; calculation of total protein is based on this determination. Distilled water was added to the residual protein solution to bring the volume to 1100 Al, and 1000 Al of this mixture was pipetted onto a tared stainless steel planchet, dried, and counted with a Tracerlab FD-2 gas flow counter (35% efficiency).
Values have been corrected for self-absorption.
Uptake of labeled testosterone; prostates retrogressed: Prostates taken from orchiectomized mice were cultured on basal medium + insulin to which testosterone-1,2-H3 (final concentration, 0.9 Mg/ml) was added. For preparation of an aqueous suspension of the labeled hormone, an aliquot of the testosterone solution (supplied in 10% methanol in benzene) was evaporated to dryness in a sterile homogenizing tube and the residue was ground in buffer solution that contained Tween 80.7 After 4 days of culture, explants were taken off the medium and homogenized in dimethylformamide, spectro grade (five explants/sample, total volume 600 Al). One aliquot (100 Ml) of the solubilized organ preparation was transferred to a test tube, 300 Ml of 0.2 N NaOH was added, the solution was mixed, and 100 Ml was then taken for each protein determination;" a second aliquot (400 Ml) of the solubilized organ was added to 10 ml of modified Bray's scintillation fluid'2 and counted in a Packard model 3003 Tricarb.
DL-leucine-l-C'4 (12 ,uc/mg) was purchased from New England Nuclear Corporation, Boston. Testosterone, testosterone propionate, A'-androstene-3, 1 (Tables 1  and 2 ). Addition of testosterone to the basal medium in vitro elicited the characteristic profile of response obtained in vivo in the androgen-stimulated prostate;14 this included net synthesis of citric acid ( Table 1 ) and maintenance of organ protein ( Table 2) .
The citrate in prostates cultured on medium to which testosterone had been added ( t Explants were cultured for 4 days on chemically defined medium made up of 4 parts Waymouth's medium: 1 part agar (1.65%); when included, steroid had a concentration of 0.9 p&g/ml; insulin, 0.08 units/ml. The "no culture" group was analyzed immediately after removal from the animal without culture.
t Two prostatic explants were pooled and homogenized in 0.5 N PCA; citrate was measured in the supernatant; organ protein was isolated from the precipitate. Two aliquots of the tissue extract were used for each citrate determination; one aliquot was assayed with, and one without, internal standard (citrate, 2 X 10-moles). The assay solution contained tris-HCl buffer (pH 7.4), MnCl2, TPN, and the tissue extract; the reaction was initiated by adding aconitase, and the appearance of TPNH was measured fluorometrically. § P, probability of difference from control value ("no culture") occurring by chance according to Student's t test; ns, not significant (P > 0.05). ** Mean standard error. when testosterone was added to the medium together with insulin; in these explants, the citrate content was 11 times that in the cultured control. Alone, insulin maintained the level of organ citrate near that in the uncultured prostate. Testosterone added in vitro (Table 2 ) stimulated C14-leucine incorporation into protein; insulin had a still greater effect; testosterone added together with insulin gave a further small increase above that for insulin alone. A5-Androstene-3,17-diol, a steroid similar in structure to testosterone but ineffective in vivo, was also ineffective in vitro.
Prostates retrogressed: The results were very different from those obtained in the pretreated series. Testosterone added alone to the medium stimulated no protein synthesis (Table 3 ). Insulin added in vitro effected, as before (Table 2) , a pronounced increase in total protein and in leucine incorporation into protein.
Added together with insulin, testosterone produced significant increases in both total protein and specific protein radioactivity above the values for insulin alone. Citrate formation was too small to measure even when as many as two or three prostates were pooled.
Uptake of labeled testosterone (Table 4 ): It seemed possible that the response to testosterone conferred by the presence of insulin (Table 3 ) might be correlated with increased binding of testosterone to the tissue. Ten prostatic explants were cultured on medium that contained testosterone-1,2-H3 (6.4 X 106 dpm/-ml); the five explants cultured in the absence of insulin were found to contain 71 X 106 dpm/gm tissue; the five cultured in the presence of insulin, 77 X 106 dpm/gm tissue. If one assumes that the extracellular fluid constitutes roughly 20 per cent of the wet weight of an organ'5 (the argument is not changed by use of a different percentage) and that the testosterone-H3 in the extracellular fluid was in equilibrium with that in the culture medium, it can be calculated that the concentration in the tissue was some 11-12 times that in the medium. The fact that this capacity to concentrate and/or bind testosterone was not altered by the presence of insulin in the medium provides evidence that although insulin does enhance the testosterone effect, it does not do so by favoring uptake of the steroid. It should be pointed out that binding of testosterone in vivo by prostates of orchiectomized rats"6 is less marked than that observed here in explanted mouse prostates. * Testosterone-1,2-H' (6.4 X 106 dpm/ml medium) was added to the basal culture medium (see Table 1 ) to give a concentration of 0.9 sg/ml. t Calculation based on the assumption that extracellular water in a mammalian organ constitutes approximately 20% of the wet weight (see Ganong"). In these experiments the wet weight of the retrogressed prostate was determined to be 11.0 times the weight of crude protein."
Discussion.
-The results reported here provide the first unequivocal demonstration of the following: (1) Testosterone added in vitro stimulates net synthesis of citric acid in its target tissue (Table 1) . (2) This stimulation of citrate formation is accompanied by synthesis of new organ protein which has a specific radioactivity higher than that obtained in the absence of testosterone (Tables 2  and 3) . (3) The synthesis of net amounts of prostatic protein is obtained only when insulin is present in the culture medium (Tables 2 and 3 ). (4) Insulin does not enhance the uptake of testosterone by its target tissue under these in vitro conditions (Table 4 ). The bearing of each of these findings on the mechanisms by which testosterone and insulin negotiate their individual effects in the rodent prostate is discussed below.
The ventral prostate is a sex accessory gland whose function and growth in vivo are controlled by androgen.'4 The organ's major secretory product is citric acid,'7 but only recently has an in vitro effect of testosterone on the incorporation of C'4-acetate into citric acid with a mince of nonretrogressed rat prostate been reported."8 The present experiments establish that testosterone added in vitro can, under proper conditions, stimulate the production of citrate to such an extent that net amounts accumulate in the explanted prostate. If the tissue is retrogressed prior to removal from the orchiectomized donor, insulin must be added to the culture medium together with testosterone2 to obtain the effect; 'if the tissue is taken from an orchiectomized donor injected in vivo with a submaximal dose of testosterone, insulin need not be added in vitro (Table 1 ) in order to demonstrate this effect of testosterone.
The fact that testosterone added to the basal medium staves off the regressive changes observed in prostatic explants cultured on basal medium to which no hormone has been added (Tables 1 and 2 ), just as it prevents prostatic regression when injected in vivo to orchiectomized males,14 is proffered as strong evidence that results obtained in vitro under these conditions of culture are relevant to the in vivo situation. Thus, from the above data we can conclude the following. First, a specific direct effect of the male sex hormone is to enhance citrate forma- Exptl. Pathoi., 35, 577 (1954) .
